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A growing body of literature suggests that higher serum 25-hydroxyvitamin D [25(OH)D] concentrations, either in 
utero or in early life, may reduce the risk of autism. For example, an ecological study in the companion paper inversely 
correlated solar UV-B doses in the United States with prevalence of autism among those aged 6-17 y. That study 
proposed that vitamin D deficiency during pregnancy could account for this finding, although the findings are also 
consistent with childhood vitamin D deficiency contributing to the condition. Also, in a recent study, children with autism 
had lower serum 25(OH)D concentrations than did control subjects (19 vs. 33 ng/ml), despite parents of each group 
reporting the same amount of sun exposure. The same study found highly significant inverse correlations between 
25(OH)D and autism rating scales and between 25(OH)D and levels of an antineuronal antibody. This finding indicates 
that higher serum 25(OH)D concentrations may reduce the symptoms of established autism. Because activated vitamin 
D, a secosteroid, upregulates DNA-repair genes, vitamin D deficiency during development may inhibit the repair of 
de novo DNA mutations in fetuses and infants and thus contribute to risk of autism. Vitamin D might also reduce the 
risk or severity of autism through its anti-inflammatory actions, antiautoimmune effects, increasing seizure threshold, 
increasing T-regulatory cells, protecting the mitochondria, and upregulating glutathione, which scavenges oxidative by- 
products and chelates (captures and excretes) heavy metals. Vitamin D deficiency during pregnancy and childhood is a 
widespread and growing epidemic. 



Perhaps because of the term vitamin, most people wrongly 
assume that vitamin D is like other vitamins — that is, they can 
obtain adequate amounts by eating a good diet. However, the 
natural diets most humans consume contain little vitamin D, 
unless those diets are rich in wild-caught, fatty fish. 1 Fortified 
foods, such as milk, orange juice, and cereals in the US, and 
margarines in Europe, contain small amounts of vitamin D, but 
such sources are usually minor contributors to vitamin D stores. 
Traditionally, the human vitamin D system began in the skin, 
not in the mouth. 

The manufacture of vitamin D by skin is extraordinarily 
rapid and remarkably robust; production after only a few min- 
utes of midday, midlatitude summer sunlight easily exceeds 
dietary sources by an order of magnitude. Incidental sun expo- 
sure, not dietary intake, is the principal source of circulating 
vitamin D stores and to a degree that is a function of skin sur- 
face area exposed. For example, when fair-skinned people sun- 
bathe in the summer (one full-body, minimal erythemal dose 
of UV-B [UVB] radiation), they produce more than 20,000 IU 
of vitamin D in less than 30 min. 2 One would have to drink 
200 glasses of American milk (100 IU/8-oz glass) to obtain this 
amount orally. 

Vitamin D normally enters the circulation after UVB from 
sunlight strikes 7-dehydrocholesterol in the skin, converting 
it through thermal energy to vitamin D3, or cholecalciferol 
(vitamin D). When vitamin D is taken by mouth, the body 



metabolizes it similarly to that generated in the skin. No matter 
how it arrives in the circulation, the liver readily hydroxylates 
vitamin D to 25(OH)D, the circulating form of vitamin D. 

The classic endocrine function of vitamin D begins when 
the kidney further hydroxylates 25(OH)D into 1,25 (OH) 2D 
(calcitriol), which then acts to maintain serum calcium level 
through a series of direct effects on calcium absorption and 
excretion, and through a series of interrelationships with serum 
phosphate and parathyroid hormone. Serum calcitriol levels are 
generally in the reference range, or even high, when 25 (OH) 
D levels are low, except in extreme vitamin D deficiency. 2 
Furthermore, endocrine calcitriol is an adaptive hormone (i.e., 
it is produced in response to calcium deficiency); calcitriol levels 
are typically low when calcium intake is high. 

In the past 15 y, research has found that the vitamin D ste- 
roid hormone system includes more than this classic endocrine 
pathway used to preserve the calcium economy. The cyto- 
chrome P450 enzyme, which further hydroxylates 25 (OH) 
D to calcitriol, is present in a wide variety of human tissues 
other than the kidney. That is, the hormone directly affects 
many cells and tissues via its autocrine, and presumed para- 
crine, functions. Like all steroid hormones, calcitriol acts as a 
molecular switch, activating many target genes via the vitamin 
D receptor (VDR). Most organs in the body show evidence of 
end-organ responsiveness to calcitriol, including multiple areas 
of the brain. 3 
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Vitamin D and the Genetic Foundation of Autism 

Geneticists have fruitlessly looked for a common genetic mutation 
that causes most autism. The common de novo point mutations 
they do find are associated with only a small percentage of cases. In 
2008, Cannell proposed a new theory for the genetic component of 
autism that involved the quantitative genetics of the vitamin D sys- 
tem. 4 Any viable and parsimonious theory must explain the genetic 
components of autism, which toxicologists often ignore. 

To explain the new vitamin D— related genetic theory of autism, 
we will analyze a recent study of a putative vitamin D-related 
disease, atherosclerosis, and one of the inherited components of 
the vitamin D system, the VDR. In apparently unique research, 
Schnatz and colleagues wanted to know whether the heritable 
variation in the expression of VDRs in coronary arteries was associ- 
ated with the severity of atherosclerosis. 5 They gave 39 cynomolgus 
monkeys 1,000 IU of vitamin D3/day and an atherogenic diet for 
3 y. The researchers then quantified the expression of VDRs inside 
the monkeys' arteries and measured the height of the atheroscle- 
rotic plaque therein. They found a strong negative association (p 
< 0.001): the fewer VDRs inherited, the worse the atherosclerosis. 

Another paper found significant changes in composite health 
outcomes (cancer, death, hip fracture, or myocardial infarction) 
with respect to a combination of serum 25(OH)D concentrations 
and VDR alleles. Having low serum 25(OH)D concentration and 
two minor alleles was associated with a hazard ratio as high as 1.82 
(95% confidence interval, 1.31—2.54); for having no minor alleles, 
the ratio was 0.93 (95% confidence interval, 0.70-1.24). 6 

The Schnatz study describes exactly the genetic mechanism pro- 
posed for the autism epidemic. Quantitative genetic (not qualitative 
mutations) variations in some facet of vitamin D metabolism, such 
as VDR or in the enzyme that activates vitamin D, may explain the 
heritability of autism. A study of 5 1 0 middle-aged, male twins (310 
monozygotic and 200 dizygotic twins) found that, in the winter 
only, more than 70% of human 25(OH)D serum levels are heri- 
table. 7 The same authors found no contribution of genetic factors 
to individual differences in serum 25(OH)D concentrations during 
the summer, finding summer 25(OH)D similarities between twins 
were mostly attributable to a shared environment. 

However, these twins were unusual; they had mean wintertime 
25(OH)D levels of 30 ng/ml and mean summer levels of 50 ng/ 
ml, levels few autistic children ever obtain. Studies show much 
lower 25(OH)D levels in autism. 8 Furthermore, another recent 
study not only found much lower levels in autistic children (mean 
of 15 ng/ml compared with 30 ng/ml in controls), it also found 
an extremely strong correlation coefficient (R = -0.84) between 
vitamin D levels and severity on autism rating scales (p < 0.001). 9 
These same authors found that, despite the same amount of sun 
exposure, Saudi Arabian autistic children had vitamin D levels 
about one-half that of normals controls. When combined with the 
heritability twin study mentioned above, this appears to imply that 
vitamin D levels in autistic children are highly heritable. 

People inherit either a little or a lot — with most somewhere 
between, as described by Gaussian distribution — of the genetic 
products of the vitamin D system. 10 That is, the components of 
the vitamin D system [the enzymes that make 25(OH)D and 



calcitriol, the number of VDRs, the vitamin D— binding protein 
that transports vitamin D around the body, and the enzyme that 
breaks down vitamin D] are all under genetic control. People 
inherit their relative quantitative functionality or dysfunctionality, 
and that becomes extremely important to the brain if vitamin D 
levels are low, as they are in autistic children. 11 

For example, say that someone inherits a small number of 
VDRs in the brain. Unfortunately, the mother believes in strict 
sun avoidance and sunblock. She breast-feeds the child (breast 
milk lacks vitamin D) and then weans him on fruit juice (also 
without vitamin D). Moreover, he will not eat cold-water fatty 
fish, reindeer meat, or seagull eggs (foods high in vitamin D). 
This child literally has no source of vitamin D substrate to make 
calcitriol. Also, he was unlucky enough to inherit a small num- 
ber of VDRs, which will interact with the low vitamin D level 
to injure the developing brain, just as it injures the arteries of 
monkeys. The same mechanism can operate in utero. Thus, the 
child has an epidemic of a "genetic" disease, as autism is, inter- 
acting with the environment, as autism does, to create a rapidly 
rising genetic disease. Although the genetics of the vitamin D 
system have been present throughout history, the small amount 
of substrate (vitamin D) is brand new (the vitamin D— deficiency 
epidemic) and is thus a new apparent "genetic" epidemic. 

Xu and colleagues recently wrote that you may well have a 
genetic disease that you did not inherit. 12 That is, you may well 
have de novo genetic mutations, such as those seen in autism 
and schizophrenia, which occurred while you were living (either 
in utero or as a young child) and that you did not inherit. 13 That 
supposition explains the genetic findings of autism nicely, in 
that the most common genetic finding is multiple small genetic 
de novo mutations. It also explains the male-to-female ratio in 
the incidence of autism, which is about 5:1; because males expe- 
rience more germ-cell divisions with age. 14 (See also the review 
by Veltman and Brunner. 15 ) 

Genetic models of these data indicate that most of the 
observed de novo point mutations are not connected to the eti- 
ology of autism. 16 A few are associated with increased risk, but 
they are distributed across many chromosomes and are not com- 
mon or severe enough to explain the disease. In other words, the 
genetic defects in autism are often quite minor compared with 
what we have grown accustomed to think about, such as the 
extra entire chromosome that occurs in trisomy 21. 

In the related paper, we reported an ecological study of 
autism prevalence among US adolescents with respect to solar 
UVB doses. 17 Solar UVB was inversely correlated with preva- 
lence, which was interpreted as most likely being due to vitamin 
D deficiency during pregnancy — probably in the third trimester, 
when the brain develops most rapidly. The discussion of DNA 
damage in this section further supports the finding of the eco- 
logical study. 

Are the DNA Changes in Autism Effects 
Rather Than Causes? 

Several proteins exist to constantly repair DNA. Researchers have 
identified at least five vitamin D-dependent genes that code for 



200 



Dermato-Endocrinology 



Volume 5 Issue 1 



DNA-repair proteins, whose only job is to fix mutated DNA. 18 
Fleet and colleagues reviewed DNA repair as one of vitamin D's 
mechanisms of action in cancer. Vitamin D has as many mecha- 
nisms of action as genes it regulates. According to Haliska and 
colleagues, DNA repair is one of vitamin D's repair and main- 
tenance functions. 19 

Several mechanisms can damage human DNA. 20 The DNA 
molecule is inherently unstable. Oxidation, pollutants, toxins, 
and background radiation can also damage DNA. According 
to Ting and colleagues, calcitriol protects cells by upregulating 
DNA-repair genes that even help repair double-strand breaks. 21 
The authors elaborated that their research suggested that vita- 
min D guards the genome via control of DNA repair. 

For example, take 8-OHdG, a marker of oxidative DNA 
damage. In a randomized controlled human trial, even the rela- 
tively small dose of 800 IU/day of vitamin D reduced 8-OHdG 
by 25%. 22 Likewise, PARP is an enzyme in the nucleus that 
responds within seconds at damaged DNA sites and facilitates 
DNA repair. The problem is that too often PARP overreacts 
and starts damaging neighboring DNA unless vitamin D regu- 
lates it. 23 Finally, in a randomized controlled human trial, 800 
IU of vitamin D significantly increased levels of Bax, which 
helps stop mutations by promoting apoptosis. 24 

Thus, the widespread point mutations and de novo DNA 
damage seen in autism could be an effect, not a cause. It is the 
effect of a genetically impaired vitamin D system combined 
with inadequate amounts of the vitamin D building blocks. 
This causes widespread de novo point mutations, which for 
years have confused geneticists, who may have assumed that 
any genetic abnormality in autism was a cause and not an 
effect. 

DNA Stability 

As early as 200 1 , Chatterjee reviewed vitamin D and genetic sta- 
bility. 25 Vitamin D at physiological concentrations protects cell 
proteins and cell membranes against oxidative stress by inhibit- 
ing the oxidative attack on membrane walls. She also reported 
that calcitriol stabilizes chromosomal structure and prevents 
DNA double-strand breaks. She concluded that calcitriol acts 
as a master stabilizer of the genome by its critical role in many 
processes involving DNA defense and repair. 

Could vitamin D prevent DNA damage, protecting the 
genome? Nair-Shalliker and colleagues 20 recently reviewed in 
vitro, animal, and human studies, concluding that vitamin D 
protects DNA from mutations. Vitamin D stabilizes the genome 
by protecting the genome from the insults of daily life (inher- 
ent genomic instability, oxidative stress, and toxic damage). The 
researchers went so far as to say that vitamin D deficiency is asso- 
ciated with DNA damage due to various cellular stresses and that 
obtaining adequate vitamin D is important in preventing DNA 
damage. However, what is "adequate vitamin D," the unnatural 
levels (20 ng/ml) found in poleward-living indoor workers or 
the natural levels found in equatorial outdoor hunter-gatherers 
(50 ng/ml)? 26 



Anti-Inflammatory Actions 

Autism is also a disease of inflammation. 27 According to Guillot 
and colleagues, vitamin D confers profound anti-inflammatory 
actions. 28 Studies of animals show direct and indirect anti- 
inflammatory effects involving both the innate and the adaptive 
immune system. Guillot and colleagues report that vitamin D's 
overall effect is to serve as an immunomodulator that reduces 
inflammation while enhancing protective immune responses. 
Calcitriol modulates various immune cells, including monocytes, 
macrophages, dendritic cells, and T and B lymphocytes. 29 

Proinflammatory chemokines, such as MCP-1, are consis- 
tently elevated in studies of autistic children, whereas another 
type of proinflammatory molecule, tumor necrosis factor a, 
is also increased in autistic populations. 30 However, Gao and 
colleagues showed that activated vitamin D consistently and 
markedly reduced the release of MCP-1. 31 Meanwhile, Shedeed 
found that supplementation of infants with vitamin D markedly 
reduced TNF-a. 32 

Calcitriol exhibits multiple anti-inflammatory effects. 33 It 
inhibits the synthesis and biological actions of proinflammatory 
prostaglandins, which are elevated in autism. 34 Calcitriol also 
exerts anti-inflammatory activity by inhibiting NF-kB, which is 
involved in aberrant signaling in autistic brains. 35 

An Autoimmune Disease? 

More than 160 human autoimmune diseases exist, and autism 
appears to be among them, with several autoantibodies to brain 
identified in both fetuses 36 and autistic children. 37 " 39 Furthermore, 
levels of such antibodies are directly associated with the severity of 
autism. 40 ' 41 

Munoz and colleagues 42 recently concluded that most autoim- 
mune disorders studied so far are somehow involved with vitamin D 
deficiency. According to Hayes and colleagues, a diverse and rapidly 
growing body of epidemiological, climatological, genetic, nutritional, 
and biological evidence indicates that the vitamin D steroid system 
helps to establish and maintain immunological self-tolerance. 43 

In animal models of these diseases, vitamin D supplementation 
produces therapeutic effects. 44 Adorini and colleagues report that the 
net effect of vitamin D is to make the immune system less likely to 
attack the body's own tissues. 45 Thus, vitamin D may reduce auto- 
antibodies in autism, although that supposition remains to be tested. 
A recent study inversely correlated the level of one antineuronal anti- 
body (anti-myelin-associated glycoprotein) with 25(OH)D levels (p 
< 0.001). 46 

The antiautoimmune effects of vitamin D may explain the 
reported epidemiological associations between vitamin D status 
and many autoimmune disorders. 47 Thus, vitamin D is a potential 
prospect for treating diseases with autoimmune involvement, such 
as autism. 

Decreasing Seizures 

Up to 25% of children with autism have seizures. 48 Calcitriol 
increases the seizure threshold in rats. 49 Correcting vitamin D 
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deficiency would help control seizures. In a recent open study, 50 
eight of 13 seizure patients were extremely vitamin D deficient. 
The investigators then corrected vitamin D deficiency in all 13 
subjects by administering a one-time dose of 40,000—200,000 IU 
of vitamin D3, followed by a 2,000-2,600-IU daily dose of vita- 
min D3 for 3 mo, depending on weight. This intervention reduced 
seizures by 40%. One subject started with a vitamin D level less 
than 4 ng/ml, and treatment raised his level to 43.1 ng/ml; over 3 
mo, his total number of seizures dropped from 450 to 30. 

The study's limitations include a small number of patients 
and the lack of a placebo. However, this study certainly war- 
rants a follow-up randomized controlled trial, and it highlights 
the importance of correcting vitamin D deficiency in seizure 
patients, including autistic patients with seizures. 

T-Regulatory Cells 

T-regulatory (T e ) cells suppress the reactions of other immune 
cells to prevent the body from attacking its own tissues. These 
regulatory T cells, sometimes known as suppressor T cells, are a 
subpopulation of T cells that calm the immune system, maintain 
tolerance to self, and are associated with less autoimmune dis- 
ease. 51 This immunomodulatory effect of vitamin D via T cells 
might underlie the associations of vitamin D deficiency and auto- 
immune diseases. 52 Some authors now think that vitamin D may 
effectively treat certain autoimmune disorders by affecting T , 
making the body more tolerant of self. 53 A recent study reported 
a deficiency of T in 73.3% of autistic children. 54 

regs 

Prietl and colleagues studied vitamin D's effect on the per- 
centage of T egs . 55 They gave 140,000 IU of vitamin D to 46 
healthy subjects as a single dose and then repeated it at 4 weeks. 
They measured the percentage of T c s at baseline and at 4 and 8 
weeks. Vitamin D increased Treg percentage from 4.8 at base- 
line to 5.9 at 4 weeks and to 5.6 at 8 weeks. Both changes were 
highly significant. Of course, such treatment would depend on 
how much tissue remains in the organ under attack. With type 
1 diabetes, virtually all the cells that make insulin are destroyed, 
so vitamin D offers little hope for a cure. However, to our knowl- 
edge, no studies indicate that the brains of autistic children are 
permanently damaged, although parts may be. Thus, vitamin D 
may make the body more tolerant by increasing T . 

Neurotrophins 

Neurotrophins are proteins that induce the development, func- 
tion, and survival of nerve and brain cells. Calcitriol upregulates 
neurotrophins, such as NGF and GDNF, up to 5-fold. 56 Vitamin 
D deficiency in utero caused lower levels of NGF. 57 Thus, vitamin 
D appears to be intimately involved in regulating neurotrophins. 
Could it increase neurotrophins in older autistic children and 
thus help a damaged brain develop properly? 

Mitochondrial Protection 

In autism, about one in 20 people with autism have frank mito- 
chondrial disease and more are in the "gray zone," perhaps as 



many as one in three. 58 However, the numbers could be higher 
because mild mitochondrial dysfunction is hard to document. 

Recently, Garcia and colleagues tested a calcitriol analog, pari- 
calcitol, to see whether it could protect the mitochondria when 
scientists injured the mitochondria in lab animals by stopping 
the blood supply to a kidney. 55 Biochemical, histological, and 
molecular readings suggest that the scientists successfully injured 
the mitochondria in both animals given placebo and those given 
vitamin D. However, mitochondria were larger and contained 
dilated crests and larger-than-normal spaces in their interiors in 
the group not treated with vitamin D, indicating worse damage; 
these changes were not present in the group not treated with vita- 
min D. Also, markers of mitochondrial damage reverted to nor- 
mal in paricalcitol-treated animals within several hours. These 
results suggest that calcitriol may confer a protective effect at the 
mitochondrial level. 

Antioxidants 

Garcion and colleagues, and others, report that vitamin D upreg- 
ulates the amount of glutathione in the brain. 60 " 62 Garcion and 
colleagues conclude that vitamin D is intimately involved in the 
glutathione cycle via calcitriol's upregulation of 7-glutamyl trans- 
peptidase, which is involved in glutathione metabolism. Once 
glutathione is used, it is split in two and needs to be reconsti- 
tuted, which is the rate-limiting step in the production of gluta- 
thione, performed by '7-glutamyl transpeptidase. 

Because glutathione participates in the scavenging of oxi- 
dative by-products and the chelation (capture and excretion) 
of heavy metals, they concluded that activated vitamin D was 
involved in detoxifying the brain. 63 Activated vitamin D reduces 
iron-induced 64 and zinc-induced 65 oxidative injuries in rat brain 
through depletion of glutathione and subsequent generation of 
reactive oxygen and nitrogen inflammatory species. 66 Besides 
its function as a master antioxidant, glutathione removes heavy 
metals, including mercury. 63 Glutathione protects nerve cells and 
nerve conduction critical to mental processing, especially from 
toxins. 

Halicka and colleagues reported that recent gene profiling 
has revealed several more antioxidants whose genes vitamin D 
directly upregulates. 67 This includes thioredoxin reductase and 
superoxide dismutase, both of which, among other things, func- 
tion as antioxidants and detoxification agents. Thioredoxin 
reductases are essential proteins for regulating antioxidant bal- 
ance and limiting the damage due to mitochondrial oxidation. 
Superoxide dismutase, which splits superoxide into less damaging 
molecules, serves a key antioxidant role. 

Comorbid Conditions 

Diabetes is more common in autistic children and a double blind 
randomized controlled trial that showed 2,000 IU/day of vita- 
min D3 in adults decreased insulin resistance. 68 In a study of 
85 non-autistic children, insulin resistance was 7-fold higher in 
children with 25(OH)D levels below 10 ng/ml, compared with 
children with levels above 30 ng/ml. 69 In the same study, mean 
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insulin levels were dramatically lower in the children with the 
highest vitamin D level, compared with the children with lowest 
levels. 

Adiponectin is a peptide hormone secreted by fat tissue. 
Adiponectin levels are significantly lower in autistic children 
than non-autistic controls. 70 Adiponectin is also inversely asso- 
ciated with obesity. Adiponectin levels are positively associated 
with vitamin D levels. 71 

Conclusion 

The search for the genetic basis of autism has been elusive. 
However, to our knowledge, no one has looked at simple variation 
in the quantitative genetic variations in various components of the 
vitamin D system. Those with low activity of various vitamin D 
enzymes and who suffer maternal or early childhood vitamin D 
deficiency would have low activity in the vitamin D system, which 
is crucial to brain development. 3 

In addition, various tenable mechanisms exist for how vita- 
min D could help children with autism. Be it via DNA repair, 
anti-inflammatory actions, antiautoimmune activities, antiseizure 

References 

1. Lu Z, Chen TC, Zhang A, Persons KS, Kohn N, 
Berkowitz R, et al. An evaluation of the vitamin D3 
content in fish: Is the vitamin D content adequate to 
satisfy the dietary requirement for vitamin D? J Steroid 
Biochem Mol Biol 2007; 103:642-4; PMID:17267210; 
http://dx.doi.org/10. 1 0 1 6/j.jsbmb.2006. 12.0 1 0 

2. Cannell JJ, Hollis BW, Zasloff M, Heaney RP. Diagnosis 
and treatment of vitamin D deficiency. Expett Opin 
Pharmacother 2008; 9:107-18; PMID: 18076342; 
http://dx.doi.Org/10.1517/14656566.9.l.107 

3. Eyles DW, Burne TH, McGrath JJ. Vitamin D, effects 
on brain development, adult brain function and the 
links between low levels of vitamin D and neuropsy- 
chiatry disease. Front Neuroendoctinol 2013; 34:47- 
64; PMID:22796576; http://dx.doi.Org/10.1016/j. 
yfrne.2012.07.001 

4. Cannell JJ. Autism and vitamin D. Med Hypotheses 
2008; 70:750-9; PMID:17920208; http://dx.doi. 
org/10.1016/j.mehy.2007.08.016 

5. Schnatz PF, Nudy M, O'Sullivan DM, Jiang X, Cline 
JM, Kaplan JR, et al. The quantification of vitamin 
D receptors in coronary arteries and their associa- 
tion with atherosclerosis. Mattiritas 2012; 73:143-7; 
PMID:22542390; http://dx.doi.org/ 1 0. 10 16/j.maturi- 
tas.2012.03.014 

6. Levin GP, Robinson-Cohen C, de Boer IH, Houston 
DK, Lohman K, Liu Y, et al. Genetic variants and 
associations of 25-hydroxyvitamin D concentrations 
with major clinical outcomes. JAMA 2012; 308:1898- 
905; PMID:23 150009; http://dx.doi.org/10.1001/ 
jama.2012.17304 

7. Karohl C, Su S, Kumari M, Tangpricha V, Veledar E, 
Vaccatino V, et al. Heritabiliry and seasonal variabil- 
ity of vitamin D concentrations in male twins. Am J 
Clin Nutt 2010; 92:1393-8; PMID:20943799; http:// 
dx.doi.org/10.3945/ajcn.2010.30176 

8. Kocovska E, Fernell E, Billstedt E, Minnis H, Gillberg 
C. Vitamin D and autism: clinical review. Res Dev 
Disabil 2012; 33:1541-50; PMID:22522213; http:// 
dx.doi.org/10.1016/j.ridd.2012.02.015 

9. Mosrafa GA, Al-Ayadhi LY. Reduced serum concentra- 
tions of 25-hydroxy vitamin D in childien with autism: 
relation to autoimmunity. J Neuroinflammation 
2012; 9:201; PMID:22898564; http://dx.doi. 
org/ 10.1186/1 742-2094-9-201 



activity, increase in regulatory T cells, mitochondrial protection, 
or stimulation of antioxidant pathways, adequate doses of vitamin 
D (enough to obtain natural levels) are a potential preventive agent 
for autism, and even higher doses may be a potential treatment for 
established autism. 

An open label clinical trial testing large vitamin D doses in autis- 
tic children as a new treatment modality is current recruiting at 
UCSF with target 25(OH)D levels of 80 ng/ml. 72 As the recent 
Kocovska review pointed out, vitamin D deficiency is the norm in 
autistic children. 8 Given that fact, treatment of vitamin D deficiency 
in autistic children should proceed now, with target mean 25 (OH) 
D levels in the median to high natural range (50—80 ng/ml). 26 In 
addition, randomized controlled trials are urgently needed. 

Disclosure of Potential Conflicts of Interest 

J.J.C. is president of the Vitamin D Council and receives remu- 
neration from Purity Products, Inc. W.B.G. receives funding 
from the UV Foundation (McLean, VA), Bio-Tech Pharmacal 
(Fayetteville, AR), the Vitamin D Council (San Luis Obispo, 
CA), the Vitamin D Society (Canada), and the Sunlight Research 
Forum (Veldhoven). 

Nair-Shalliker V, Armstrong BK, Fenech M. Does 
vitamin D protect against DNA damage? Mutat Res 
2012; 733:50-7; PMID:22366026; http://dx.doi. 
org/10.1016/j.mrfmmm.2012.02.005 
Ting HJ, Yasmin-Karim S, Yan SJ, Hsu JW Lin TH, 
Zeng W, et al. A positive feedback signaling loop 
between ATM and the vitamin D receptor is critical 
for cancer chemoprevention by vitamin D. Cancer 
Res 2012; 72:958-68; PMID:22207345; http://dx.doi. 
org/10.1 158/0008-5472.CAN-1 1-0042 
Fedirko V, Bostick RM, Long Q, Flanders WD, 
McCullough ML, Sidelnikov E, er al. Effects of supple- 
mental vitamin D and calcium on oxidative DNA dam- 
age matker in normal colorectal mucosa: a random- 
ized clinical trial. Cancer Epidemiol Biomarkers Prev 
2010; 19:280-91; PMID:20056649; http://dx.doi. 
otg/10.1158/1055-9965.EPI-09-0448 
Smith DC, Johnson CS, Freeman CC, Muindi J, 
Wilson JW, Trump DL. A Phase I trial of calcitri- 
ol (1,25-dihydroxycholecalciferol) in patients with 
advanced malignancy. Clin Cancet Res 1999; 5:1339- 
45; PMID:10389917 

Fedirko V, Bostick RM, Flanders WD, Long Q, 
Shaukat A, Rutherford RE, et al. Effects of vitamin 
D and calcium supplementation on matkers of apop- 
tosis in normal colon mucosa: a randomized, double- 
blind, placebo-controlled clinical trial. Cancer Prev 
Res (Phila) 2009; 2:213-23; PMID:19258546; http:// 
dx.doi.org/1 0. 1 1 58/ 1940-6207.CAPR-08-0 1 57 
Chatterjee M. Vitamin D and genomic stability. Mutat 
Res 2001; 475:69-87; PMID:1 1295155; http://dx.doi. 
org/10.1016/S0027-5107(01)00080-X 
Luxwolda MF, Kuipers RS, Kema IP, Dijck-Brouwer 
DA, Muskier FA. Traditionally living populations 
in East Africa have a mean serum 25-hydroxyvi- 
tamin D concentration of 115 nmol/1. Br J Nutr 
2012; 108:1557-61; PMID:22264449; http://dx.doi. 
org/10. 1017/S000711451 1007161 
Malik M, Sheikh AM, Wen G, Spivack W Brown 
WT, Li X. Expression of inflammatory cytokines, 
Bcl2 and cathepsin D are altered in lymphoblasts 
of autistic subjects. Immunobiology 2011; 216:80- 
5; PMID:20399529; http://dx.doi.Org/10.1016/j. 
imbio.2010.03.001 



10. Wang TJ, Zhang F, Richards JB, Kestenbaum B, 20. 
van Meurs JB, Berry D, et al. Common genetic 
determinants of vitamin D insufficiency: a genome- 
wide association study. Lancet 2010; 376:180-8; 
PMID:20541252; http://dx.doi.org/10.1016/S0l40- 21. 
6736(10)60588-0 

11. Meguid NA, Hashish AF, Anwar M, Sidhom G. 
Reduced serum levels of 25-hydroxy and 1 ,25-dihydroxy 
vitamin D in Egyptian children with autism. J Altern 
Complement Med 2010; 16:641-5; PMID:20569030; 
http://dx.doi.org/ 10.1 089/acm.2009.0349 22. 

12. Xu B, Roos JL, Dexheimer P, Boone B, Plummer B, 
Levy S, et al. Exome sequencing suppoits a de novo 
mutational paradigm for schizophrenia. Nat Genet 
2011; 43:864-8; PMID:21822266; http://dx.doi. 
org/10.1038/ng.902 

13. Sanders SJ, Murtha MT, Gupta AR, Murdoch JD, 
Raubeson MJ, Willsey AJ, et al. De novo muta- 23. 
tions revealed by whole-exome sequencing are strong- 
ly associated with autism. Nature 2012; 485:237- 
41; PMID:22495306; http://dx.doi.org/10.1038/ 
narurel0945 

14. Julie G, Hamdan FF, Rouleau GA. A strategy to iden- 24. 
tify de novo mutations in common disorders such as 
autism and schizophrenia. J Vis Exp 2011; 52:2534; 
PMID:21712793 

15. Veltman JA, Brunner HG. De novo mutations in 
human genetic disease. Nat Rev Genet 2012; 13:565- 
75; PMID:22805709; http://dx.doi.org/10.1038/ 
nrg3241 25. 

16. Neale BM, Kou Y, Liu L, Ma'ayan A, Samocha 
KE, Sabo A, et al. Patterns and rates of exonic de 
novo mutations in autism spectrum disorders. Nature 26. 
2012; 485:242-5; PMID:2249531 1; http://dx.doi. 
org/10.1038/naturell011 

17. Grant WB, Cannell JJ. Autism prevalence in the 
United States with tespect to solai ulttaviolet-B doses: 
An ecological study. Dermatoendocrinol 2013; 5;9-14; 
http://dx.doi.org/10.4161/derm.22942 27. 

18. Fleet JC, DeSmet M, Johnson R, Li Y Vitamin D and 
cancer: a review of molecular mechanisms. Biochem 
J 2012; 441:61-76; PMID:22168439; http://dx.doi. 
org/10.1042/BJ20110744 

19. Haliska HD, Zhao H, Li J, Traganos F, Studzinski GP, 
Darzynkiewicz Z. Attenuation of constitutive DNA 
damage signaling by 1 ,25-dihydroxyvitamin D3. Aging 
(Albany, NY Online) 2012; 4:270-8 



www.landesbioscience.com 



Dermato-Endocrinology 



203 



28. Guillot X, Semerano L, Saidenberg-Kermanac'h 45. 
N, Falgarone G, Boissier MC. Vitamin D and 
inflammation. Joint Bone Spine 2010; 77:552- 
7; PMID:21067953; http://dx.doi.org/10.1016/j- 
jbspin.2010.09.018 46. 

29- Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu C. 
Vitamin D: modulator of the immune system. Curr 
Opin Pharmacol 2010; 10:482-96; PMID:20427238; 
http://dx.doi.org/10.1016/jxoph.2010.04.001 

30. Cohly HH, Panja A. Immunological findings in autism. 47. 
IntRevNeurobiol 2005; 71:317-41; PMID:16512356; 
http://dx.doi.org/10. 10l6/S0074-7742(05)71013-8 

31. Gao D, Trayhurn P, Bing C. 1,25-Dihydroxyvitamin 

D(3) inhibits the cytokine-induced secretion of MCP-1 48. 
and reduces monocyte recruitment by human preadi- 
pocytes. Int J Obes 2012; 37:357-65- 

32. Shedeed SA. Vitamin D supplementation in infants 49- 
with chronic congestive heart failure. Pediatr Cardiol 
2012; 33:713-9; PMID:22349668; http://dx.doi. 

org/1 0. 1 007/s00246-0 1 2-0 1 99-6 
33- Krishnan AV, Feldman D. Molecular pathways mediat- 
ing the anti-inflammatory effects of calcitriol: impli- 50. 
cations for prostate cancer chemoprevention and 
treatment. Endocr Relat Cancer 2010; 17:R19-38; 
PMID: 1 9926709; http://dx.doi.org/l 0. 1677/ERC-09- 
0139 

34. Tamiji J, Crawford DA. The neurobiology of lipid 51- 
metabolism in autism spectrum disorders. Neurosignals 
2010; 18:98-112; PMID:2 1346377; http://dx.doi. 
org/ 10. 1159/000323189 

35- Ziats MN, Rennert OM. Expression profiling of 
autism candidate genes during human brain develop- 
ment implicates central immune signaling pathways. 52. 
PLoS One 2011; 6:e24691; PMID:21935439; http:// 
dx.doi.org/10.1371/journal.pone.0024691 

36. Fox E, Amaral D, Van de Water J. Maternal and 53. 
fetal antibrain antibodies in development and disease. 

Dev Neurobiol 2012; 72:1327-34; PMID:2291 1883; 
http://dx.doi.org/10.1002/dneu.22052 

37. Rout UK, Mungan NK, Dhossche DM. Presence 

of GAD65 autoantibodies in the serum of children 54. 
with autism or ADHD. Eur Child Adolesc Psychiatry 
2012; 21:141-7; PMID:22323074; http://dx.doi. 
org/10.1007/s00787-012-0245-l 

38. Singh VK, Rivas WH. Prevalence of serum antibod- 
ies to caudate nucleus in autistic children. Neurosci 55- 
Lett 2004; 355:53-6; PMID:14729233; http://dx.doi. 
org/10.1016/j.neulet.2003-10.026 

39. Cabanlit M, Wills S, Goines P, Ashwood P, Van de 
Water J. Brain-specific autoantibodies in the plasma of 
subjects with autistic spectrum disorder. Ann N Y Acad 56. 
Sci 2007; 1107:92-103; PMID:17804536; http:// 
dx.doi.org/1 0. 1 1 96/annaIs. 1381.010 

40. Mostafa GA, Al-Ayadhi LY. Increased serum lev- 
els of anti-ganglioside Ml auto-antibodies in 
autistic children: relation to the disease severity. J 
Neuroinflammation 2011; 8:39; PMID:21513576; 57- 
http://dx.doi.org/10.1186/1742-2094-8-39 

41. Goines P, Haapanen L, Boyce R, Duncanson P, 
Braunschweig D, Delwiche L, et al. Autoantibodies 
to cerebellum in children with autism associate 

with behavior. Brain Behav Immun 2011; 25:514- 58. 
23; PMID:21 134442; http://dx.doi.Org/10.1016/j. 
bbi.201 0.11. 017 

42. Munoz LE, Schiller M, Zhao Y, Voll RE, Schett G, 
Herrmann M. Do low vitamin D levels cause problems 

of waste removal in patients with SLE? Rheumatology 59. 
(Oxford) 2012; 51:585-7; PMID:22039227; http:// 
dx.doi.org/ 10.1 093/ rheumatology/ker334 

43. Hayes CE, Nashold FE, Spach KM, Pedersen LB. The 
immunological functions of the vitamin D endocrine 
system. Cell Mol Biol (Noisy-le-grand) 2003; 49:277- 

300; PMID:12887108 60. 

44. Lemire JM. Immunomodulatory role of 1,25-dihy- 
droxyvitamin D3- J Cell Biochem 1992; 49:26- 
3 1 ; PMID: 1644850; http://dx.doi.org/10. 1002/ 
jcb.240490106 



Adorini L, Penna G. Control of autoimmune diseases 
by the vitamin D endocrine system. Nat Clin Pract 
Rheumatol 2008; 4:404-12; PMID: 18594491; http:// 
dx.doi.org/10.1038/ncprheum0855 
Mostafa GA, AI-Ayadhi LY. Reduced serum concentra- 
tions of 25-hydroxy vitamin D in children with autism: 
relation to autoimmunity. J Neuroinflammation 
2012; 9:201; PMID:22898564; http://dx.doi. 
org/10.1 186/1742-2094-9-201 

Schwalfenberg GK. Solar radiation and vitamin D: mit- 
igating environmental factors in autoimmune disease. J 
Environ Public Health 20 1 2; 20 12: 1 ; PMID:22523507; 
http://dx.doi.org/10.1155/2012/619381 
Hara H. Autism and epilepsy: a retrospective follow-up 
study. Brain Dev 2007; 29:486-90; PMID:17321709; 
http://dx.doi.org/10.1016/j-braindev.2006.12.012 
Siegel A, Malkowitz L, Moskovits MJ, Christakos S. 
Administration of 1,25-dihydroxyvitamin D3 results 
in the elevation of hippocampal seizure threshold levels 
in rats. Brain Res 1984; 298:125-9; PMID:6547070; 
http://dx.doi.org/10. 1 0 1 6/0006-8993(84)9 1153-3 
Hollo A, Clemens Z, Kamondi A, Lakatos P, Sziics A. 
Correction of vitamin D deficiency improves seizure 
control in epilepsy: a pilot study. Epilepsy Behav 
2012; 24:131-3; PMID:22503468; http://dx.doi. 
org/10.1016/j.yebeh.2012.03.01 1 
Dimeloe S, Nanzer A, Ryanna K, Hawrylowicz C. 
Regulatory T cells, inflammation and the allergic 
response-The role of glucocorticoids and Vitamin 
D. J Steroid Biochem Mol Biol 2010; 120:86-95; 
PMID:20227496; http://dx.doi.0rg/lO.lOl6/j. 
jsbmb.2010.02.029 

Toubi E, Shoenfeld Y. The role of vitamin D in regulat- 
ing immune responses. Isr Med Assoc J 2010; 12:174- 
5; PMID:20684184 

Pedersen AW, Claesson MH, Zocca MB. Dendritic 
cells modified by vitamin D: future immunotherapy for 
autoimmune diseases. Vitam Horm 2011; 86:63-82; 
PMID:21419267; http://dx.doi.org/10.1016/B978-0- 
12-386960-9.00003-4 

Mostafa GA, Al Shehab A, Fouad NR. Frequency of 
CD4+CD25 high regulatory T cells in the periph- 
eral blood of Egyptian children with autism. J Child 
Neurol 2010; 25:328-35; PMID:19713552; http:// 
dx.doi.org/10. 1 177/0883073809339393 
Prietl B, Pilz S, Wolf M, Tomaschitz A, Obermayer- 
Pietsch B, Graninger W, et al. Vitamin D supplementa- 
tion and regulatory T cells in apparently healthy sub- 
jects: vitamin D treatment for autoimmune diseases? Isr 
MedAssocJ 2010; 12:136-9; PMID:20684l75 
Neveu I, Naveilhan P, Jehan F, Baudet C, Wion D, De 
Luca HF, et al. 1,25-dihydroxyvitamin D3 regulates 
the synthesis of nerve growth factor in primary cultures 
of glial cells. Brain Res Mol Brain Res 1994; 24:70- 
6; PMID:7968379; http://dx.doi.org/10.1016/0169- 
328X(94)90 119-8 

Feron F, Burne TH, Brown J, Smith E, McGrath 
JJ, Mackay-Sim A, et al. Developmental Vitamin 
D3 deficiency alters the adult rat brain. Brain Res 
Bull 2005; 65:l4l-8; PMID:1 57631 80; http://dx.doi. 
org/ 1 0. 1 0 1 6/j .brainresbull.2004. 1 2. 007 
Frye RE, Rossignol DA. Mitochondrial dysfunction 
can connect the diverse medical symptoms associ- 
ated with autism spectrum disorders. Pediatr Res 
2011; 69:4lR-7R; PMID:21289536; http://dx.doi. 
org/ 1 0. 1203/PDR.ObO 1 3e3 1 82 12fl6b 
Garcia IM, Altamirano L, Mazzei LJ, Fornes MW, 
Molina MN, Ferder L, et al. Role of mitochondria in 
paricalcitol-mediated cytoprotection during obstruc- 
tive nephropathy. Am J Physiol Renal Physiol 2012; 
302:F1595-605; PMID:22492946; http://dx.doi. 
org/ 10. 1 1 52/ajprenal.00617.20 1 1 
Garcion E, Thanh XD, Bled F, Teissier E, Dehouck MP, 
Rigault F, et al. 1,25-Dihydroxyvitamin D3 regulates 
gamma 1 transpeptidase activity in rat brain. Neurosci 
Lett 1996; 216:183-6; PMID:8897488; http://dx.doi. 
org/10.10l6/0304-3940(96)87802-5 



61. Garcion E, Wion-Barbot N, Montero-Menei CN, 
Berger F, Wion D. New clues about vitamin D func- 
tions in the nervous system. Trends Endocrinol Metab 
2002; 13:100-5; PMID:1 1893522; http://dx.doi. 
org/10.1016/S1043-2760(01)00547-l 

62. Baas D, Priifer K, Ittel ME, Kuchler-Bopp S, 
Labourdette G, Sarlieve LL, et al. Rat oligodendro- 
cytes express the vitamin D(3) receptor and respond 
to 1,25-dihydroxyvitamin D(3). Glia 2000; 31:59- 
68; PMID:10816607; http://dx.doi.org/10.1002/ 
(SICI) 1098-1 136(200007)31 :1<59::AID- 
GLIA60>3.0.CO;2-Y 

63- Kern JK, Jones AM. Evidence of toxicity, oxidative 
stress, and neuronal insult in autism. J Toxicol Environ 
Health B Crit Rev 2006; 9:485-99; PMID:17090484; 
http://dx.d0i.0rg/l 0. 1080/ 1 0937400600882079 

64. Chen KB, Lin AM, Chiu TH. Systemic vitamin D3 
attenuated oxidative injuries in the locus coeruleus 
of rat brain. Ann N Y Acad Sci 2003; 993:313-24, 
discussion 345-9; PMID: 12853323; http://dx.doi. 
org/10.1 11 l/j.l749-6632.2003.tb07539.x 

65. Lin AM, Chen KB, Chao PL. Antioxidative effect 
of vitamin D3 on zinc-induced oxidative stress 
in CNS. Ann N Y Acad Sci 2005; 1053:319-29; 
PMID: 16179538; http://dx.doi.org/10.1196/ 
annals.1344.028 

66. Valko M, Morris H, Cronin MT Metals, toxic- 
ity and oxidative stress. Curr Med Chem 2005; 
12:1161-208; PMID:15892631; http://dx.doi. 
org/10.2174/0929867053764635 

67. Halicka HD, Zhao H, Li J, Traganos F, Studzinski GP, 
Darzynkiewicz Z. Attenuation of constitutive DNA 
damage signaling by 1,25-dihydroxyvitamin D3. Aging 
(Albany NY) 2012; 4:270-8; PMID:22498490 

68. Mitri J, Dawson-Hughes B, Hu FB, Pittas AG. Effects 
of vitamin D and calcium supplementation on pancre- 
atic (3 cell function, insulin sensitivity, and glycemia 
in adults at high risk of diabetes: the Calcium and 
Vitamin D for Diabetes Mellitus (CaDDM) random- 
ized controlled trial. Am J Clin Nutr 2011; 94:486- 
94; PMID:21715514; http://dx.doi.org/10.3945/ 
ajcn.lll. 011684 

69- Kelly A, Brooks LJ, Dougherty S, Carlow DC, Zemel 
BS. A cross-sectional study of vitamin D and insulin 
resistance in children. Arch Dis Child 2011; 96:447- 
52; PMID:21335626; http://dx.doi.org/10.1136/ 
adc.2010.187591 

70. Fujita-Shimizu A, Suzuki K, Nakamura K, Miyachi 
T, Matsuzaki H, Kajizuka M, et al. Decreased serum 
levels of adiponectin in subjects with autism. Prog 
Neuropsychopharmacol Biol Psychiatry 2010; 34:455- 
8; PMID:20074612; http://dx.doi.Org/10.1016/j. 
pnpbp.2009- 12.020 

71. Vaidya A, Williams JS, Forman JP The independent 
association between 25-hydroxyvitamin D and adipo- 
nectin and its relation with BMI in two large cohorts: 
the NHS and the HPFS. Obesity (Silver Spring) 
2012; 20:186-91; PMID:21760630; http://dx.doi. 
org/ 10.1038/oby.20 11.210 

72. http://www.clinicaltrials.gov/ct2/show/NCT015355 
08?term=autism+and+vitamin+D&rank=2 (accessed 
3/2/2013) 



0) 
_Q 



CO 

'id 

o 
c 

o 
Q 

0 
o 
c 

CD 

"o 

CO 

o 
in 

CO 
CD 
"D 

c 

03 
_l 

CO 

o 

CN 

© 



204 



Dermato-Endocrinology 



Volume 5 Issue 1 



